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SEMICONDUCTOR DEVICES HAVING A NON-VOLATILE MEMORY 
TRANSISTOR AND METHODS FOR MANUFACTURING THE SAME 

Inventor: Tomoyuki Furuhata 

Applicant hereby incorporates by reference Japanese Application No. 2000-382396, 
filed December 15, 2000, in its entirety. 

Technical Field 

The present invention relates to a semiconductor devices including a non- volatile 
memory transistor and method for manufacturing the same. 

Related Art 

A transistor having a split-gate structure is known as one of the devices that are 
applied to an electrically erasable programmable ROM (EEPROM). Fig. 16 schematically 
shows a cross-sectional view of one example of a conventional semiconductor device 
including a non- volatile memory transistor. 

The semiconductor device includes a non-volatile memory transistor having a split- 
gate structure (hereafter referred to as a "memory transistor") 300. 

The memory transistor 300 has, in the case of an N-type transistor as an example, a 
source region 14 and a drain region 16 composed of n + -type impurity diffusion layers 
formed in the silicon substrate 10 of P-type, and a first dielectric layer 70 as a gate insulation 
layer formed on a surface of the silicon substrate 10. A floating gate 72, a second dielectric 
layer 76 and a control gate 78 are successively formed on the first dielectric layer 70. 

A third dielectric layer 74 is formed on the floating gate 72. The third dielectric 
layer 74 is composed of a dielectric layer that is formed by selectively oxidizing a part of a 
polysilicon layer that becomes the floating gate 72. The third dielectric layer 72 has a 
structure in which the film thickness thereof becomes thinner from its center toward its end 
sections, as shown in Fig. 16. As a result, upper edge sections 720 of the floating gate 72 
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form sharp edges, such that an electric field concentration is apt to occur at the upper edge 
sections 720. 

For the operation of the memory transistor with a split-gate structure 300, a channel 
current is flown between the source region 14 and the drain region 16 to thereby inject a 
charge (hot electrons) in the floating gate 72 as indicated by an arrow A10 when data is 
written. When data is erased, a predetermined high voltage is applied to the control gate 78 
to thereby transfer the charge stored in the floating gate 72 through the second dielectric 
layer 76 to the control gate 78 as indicated by an arrow BIO by Fowler-Nordheim tunneling 
conduction (FN conduction). 

Summary 

Certain embodiments relate to a semiconductor device having a non- volatile memory 
transistor. The device includes a semiconductor layer and a floating gate disposed over the 
semiconductor layer through a first dielectric layer that acts as a gate dielectric layer. The 
device also includes a second dielectric layer that contacts at least a part of the floating gate 
and is capable of functioning as a tunneling dielectric layer, and a control gate formed over 
the second dielectric layer. The device also includes an impurity diffusion layer that forms a 
source region or a drain region formed in the semiconductor layer. A conduction layer is 
provided above the floating gate, and the conduction layer entirely overlaps the floating 
gate. 

Embodiments also include a semiconductor having a non- volatile memory transistor 
device, including a semiconductor layer and a floating gate disposed over the semiconductor 
layer through a first dielectric layer as a gate dielectric layer. The device also includes a 
second dielectric layer that contacts at least a part of the floating gate and is capable of 
functioning as a tunneling dielectric layer, and a control gate formed over the second 
dielectric layer. The device also includes an impurity diffusion layer that forms a source 
region or a drain region formed in the semiconductor layer. A plurality of conduction layers 
are formed at different levels above the floating gate, and the floating gate is entirely 
overlapped by the plurality of conduction layers as viewed in a plan view. 
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Embodiments also include to a semiconductor device having a non- volatile memory 
transistor, including a non- volatile memory transistor including a semiconductor layer, a 
floating gate disposed above the semiconductor layer, and a control gate formed above the 
floating gate, wherein a conduction layer is provided vertically above the floating gate at 
5 least in a region where the control gate is not disposed vertically above the floating gate. 

Embodiments also include to a semiconductor device having a non- volatile memory 
transistor, comprising a non- volatile memory transistor including a semiconductor layer, a 
floating gate disposed above the semiconductor layer, and a control gate formed above the 
floating gate, wherein a conduction layer is provided above the non- volatile memory 
10 transistor and a portion of the conduction layer is located vertically above the floating gate. 
In addition, a width of the conduction layer located vertically above the floating gate is 
0 formed to be greater than a width of the floating gate. 

i ; 

2 Embodiments also include a semiconductor device having a non- volatile memory 

jfc transistor, including a non-volatile memory transistor including a semiconductor layer, a 

|0 15 floating gate disposed above the semiconductor layer, and a control gate disposed above the 

st 

floating gate, wherein a plurality of conduction layers having a multiple layered structure are 
^ provided above the non-volatile memory transistor. In addition, at least one conduction 

U layer among the plurality of conduction layers is provided vertically above the floating gate 

|~ at least in a region where the control gate is not disposed vertically above the floating gate. 

N f 20 Embodiments also include a semiconductor device having a non-volatile memory 

transistor, comprising a semiconductor layer and a floating gate disposed over the 
semiconductor layer through a first dielectric layer that comprises a gate dielectric layer. 
The device also includes a second dielectric layer that contacts at least a part of the floating 
gate and comprises a tunneling dielectric layer. In addition, the device includes a control 
25 gate formed over the second dielectric layer; and one or more conduction layers formed over 
the floating gate. The floating gate includes an upper surface, and a line normal to any 
portion of the upper surface will contact at least one of the one or more conduction layers 
over the floating gate. 
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Embodiments also include a method for manufacturing a semiconductor device 
having a non- volatile memory transistor, including forming a first dielectric layer 
comprising a gate dielectric layer on a substrate and forming a floating gate over the gate 
dielectric layer. The method also includes forming a second dielectric layer that contacts at 
least a part of the floating gate and is capable of functioning as a tunneling dielectric layer. 
The method also includes forming a control gate over the second dielectric layer and 
forming an impurity diffusion layer that forms a source region or a drain region in the 
semiconductor layer. In addition, the method also includes forming a conduction layer 
above the floating gate so that a portion of the conduction layer is positioned vertically 
above the floating gate, where the portion of the conduction layer overlaps the entire floating 
gate. 

Embodiments also include a method for manufacturing a semiconductor device 
having a non- volatile memory transistor, including forming a floating gate above a 
semiconductor layer, forming a control gate above the floating gate, and forming a 
conduction layer vertically above the floating gate at least in a region where the control gate 
is not disposed vertically above the floating gate. 

Embodiments also include a method for manufacturing a semiconductor device 
having a non- volatile memory transistor, including forming a floating gate above a 
semiconductor layer, forming a control gate above the floating gate, and forming a plurality 
of conduction layers having a multiple layered structure above the non-volatile memory 
transistor, wherein at least one of the conduction layers is formed vertically above the 
floating gate at least in a region where the control gate is not disposed vertically above the 
floating gate. 

Brief Description of the Drawings 

Embodiments of the invention are described with reference to the accompanying 
drawings which, for illustrative purposes, are schematic and not necessarily drawn to scale. 

Fig. 1 schematically shows a cross-sectional view of a semiconductor device in 
accordance with an embodiment of the present invention. 
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Fig. 2 schematically shows a plan view of a plan surface of a semiconductor device 
bulk (including isolation region, diffusion layer, floating gate and control gate) in 
accordance with an embodiment of the present invention. 

Fig. 3 (a) schematically shows a cross-sectional view of a cross section taken along a 
line A - A of Fig. 1, and (b) schematically shows a cross-sectional view of a cross section 
taken along a line B - B of Fig. 1 . 

Fig. 4 schematically shows a plan view of a semiconductor device of a comparison 
example for describing the effects. 

Fig. 5 schematically shows a cross-sectional view of a cross section taken along a 
line C-C of Fig. 4. 

Fig. 6 shows a cross-sectional view of a step for manufacturing a semiconductor 
device in accordance with an embodiment of the present invention. 

Fig. 7 shows a cross-sectional view of a step for manufacturing the semiconductor 
device in accordance with an embodiment of the present invention. 

Fig. 8 shows a cross-sectional view of a step for manufacturing the semiconductor 
device in accordance with an embodiment of the present invention. 

Fig. 9 shows a cross-sectional view of a step for manufacturing the semiconductor 
device in accordance with an embodiment of the present invention. 

Fig. 10 shows a cross-sectional view of a step for manufacturing the semiconductor 
device in accordance with an embodiment of the present invention. 

Fig. 1 1 shows a cross-sectional view of a step for manufacturing the semiconductor 
device in accordance with an embodiment of the present invention. 

Fig. 12 shows a cross-sectional view of a step for manufacturing the semiconductor 
device in accordance with an embodiment of the present invention. 

Fig. 13 (a) schematically shows a cross-sectional view of a cross section taken along 
a line D-D of Fig. 12, and (b) schematically shows a cross-sectional view of a cross section 
taken along a line E - E of Fig. 12. 

Fig. 14 schematically shows a layout of an embedded semiconductor device in 
accordance with an embodiment of the present invention. 
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Fig. 15 schematically shows a plan view of a modified example of a semiconductor 
device in accordance with an embodiment of the present invention. 

Fig. 16 schematically shows a cross-sectional view of a conventional example of a 
semiconductor device. 

Detailed Description 

Certain embodiments of the present invention relate to semiconductor devices having 
a non- volatile memory transistor with an improved rewritable number characteristic. 

A first semiconductor device having a non-volatile memory transistor in accordance 
with an embodiment of the present invention comprises: a semiconductor layer; 
a floating gate disposed over the semiconductor layer through a first dielectric layer as a gate 
dielectric layer; a second dielectric layer that contacts at least a part of the floating gate and 
is capable of functioning as a tunneling dielectric layer; a control gate formed over the 
second dielectric layer; and an impurity diffusion layer that forms a source region or a drain 
region formed in the semiconductor layer, wherein a conduction layer is provided above the 
floating gate, and the floating gate is entirely overlapped by the conduction layer as viewed 
in a plan view. 

It the present embodiment, the entirety of the floating gate is overlapped by the 
conduction layer as viewed in a plan view. Accordingly, the conduction layer can protect 
the floating gate from charges (process-induced charges) that are generated in a variety of 
steps (for example, an etching step) for forming layers above the conduction layer. As a 
result, the charges are prevented from being trapped in the second dielectric layer in a region 
where it contacts the floating gate. Therefore, deterioration of the second dielectric layer 
can be suppressed, and the rewritable number can be improved. 

Also, when the conduction layer outwardly protrudes from an end of the floating 
gate as viewed in a plan view, a width of a portion of the conduction layer that outwardly 
protrudes from the end of the floating gate as viewed in a plan view may preferably be 0.5 
|um or smaller. 
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Also, a side end of the conduction layer formed above the floating gate and an end of 
the floating gate may concur at least partially with one another as viewed in a plan view. 

Also, a width of the conduction layer above a region other than a region where the 
floating gate is formed may be made narrower than a width of the conduction layer above 
5 the region where the floating gate is formed. 

Also, the conduction layer may be electrically connected to the semiconductor layer. 

Also, a first semiconductor device having a non- volatile memory transistor may 
comprise a non- volatile memory transistor including a semiconductor layer, a floating gate 
disposed above the semiconductor layer; and a control gate formed above the floating gate, 
10 wherein a conduction layer is provided vertically above the floating gate at least in a region 
where the control gate is not disposed above. By "vertically above" it is meant that a 

ftSs 

0 vertical line extending from the floating gate will contact the structure designated. For 

o 

12 example, as used in this paragraph, "vertically above" means that a vertical line extending 

f* from the floating gate will contact a conduction layer at least in a region where the control 

tg 15 gate is not disposed above the floating gate. 
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The control gate also preferably has an effect to protect the floating gate from 



^ process-induced charges. Accordingly, in accordance with the present embodiment, since a 

w 

control gate or a conduction layer is always disposed vertically above the entire surface of 
Jj the floating gate, the entire upper surface of the floating gate can be protected from process- 

20 induced charges. As a result, the rewritable number can be improved. 

A width of the conduction layer located vertically above the floating gate may in 
certain embodiments be formed to be greater than a width of the floating gate. 

Also, a width of the conduction layer located other than vertically above the floating 
gate may be formed to be smaller than a width of the conduction layer located vertically 
25 above the floating gate. By reducing the width of the conduction layer located other than 
vertically above the floating gate, stresses to be caused by the conduction layer can be 
reduced to a minimum, compared to the structure in which the width of a conduction layer is 
uniformly wider than the width of a floating gate. 

Also, the conduction layer may be a wiring layer. 
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Also, when the wiring layer has a multiple layered structure, the wiring layer may be 
a lowermost wiring layer. 

A second semiconductor device having a non-volatile memory transistor device in 
accordance with the present invention comprises: a semiconductor layer; a floating gate 
disposed over the semiconductor layer through a first dielectric layer as a gate dielectric 
layer; a second dielectric layer that contacts at least a part of the floating gate and is capable 
of functioning as a tunneling dielectric layer; a control gate formed over the second 
dielectric layer; and an impurity diffusion layer that forms a source region or a drain region 
formed in the semiconductor layer, wherein a plurality of conduction layers are formed at 
different levels above the floating gate, and the entirely of the floating gate is covered by the 
plurality of conduction layers at different levels. 

It is noted that the term "different levels" means that they are formed on different 
interlayer dielectric layers. 

In certain embodiments of the present invention, the entirety of the floating gate is 
covered by the plurality of conduction layers at different levels. Accordingly, the floating 
gate can be protected from charges (process-induced charges) that are generated in a variety 
of steps (for example, an etching step) for forming layers above the uppermost conduction 
layer among the conduction layers that overlap the floating gate as viewed in a plan view. 
As a result, the charges are prevented from being trapped in the second dielectric layer in a 
region where it contacts the floating gate. Therefore, deterioration of the second dielectric 
layer can be suppressed, and the rewritable number can be improved. 

Also, when at least one of the conduction layers outwardly protrudes from an end of 
the floating gate as viewed in a plan view, a width of a portion of the conduction layer that 
outwardly protrudes from the end of the floating gate as viewed in a plan view may 
preferably be 0.5 jum or smaller. 

Also, a side end of the at least one of the conduction layers and an end of the floating 
gate may concur at least partially with one another as viewed in a plan view. 

Also, the conduction layer may be electrically connected to the semiconductor layer. 
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Also, a second semiconductor device having a non-volatile memory transistor may 
comprise a non-volatile memory transistor including a semiconductor layer, a floating gate 
disposed above the semiconductor layer, and a control gate disposed above the floating gate, 
wherein a plurality of conduction layers having a multiple layered structure are provided 
above the non- volatile memory transistor, and at least one conduction layer among the 
plurality of conduction layers is provided vertically above the floating gate at least in a 
region where the control gate is not disposed above. 

In accordance with certain embodiments of the present invention, since a control gate 
or a conduction layer is always disposed vertically above the entire surface of the floating 
gate, the entire upper surface of the floating gate can be protected from process-induced 
charges. As a result, the rewritable number can be improved. 

Certain embodiments may also be described as having a control gate and/or one or 
more conduction layers covering or overlapping the upper surface of the floating gate when 
viewed from above. 

In the first and second semiconductor devices described above, the device may 
further include another circuit region mix-mounted therein. The other circuit region may 
include at least a logic circuit. 

The "semiconductor layer" described above may include a semiconductor substrate 
and a semiconductor layer formed on a substrate. 

Certain preferred embodiments of the present invention are described below with 
reference to the accompanying drawings. 

A semiconductor device in accordance with an embodiment is described. Fig. 1 
schematically shows a plan view of a semiconductor device in accordance with one 
embodiment of the present invention. Fig. 2 schematically shows a plan view of a plan 
surface of a bulk. Fig. 3(a) schematically shows a cross section taken along a line A - A of 
Fig. 1 . Fig. 3(b) schematically shows a cross section taken along a line B - B of Fig. 1 . 

The semiconductor device includes a non- volatile memory transistor having a split- 
gate structure (hereafter referred to as a "memory transistor") 100. The memory transistor is 
formed in an element-forming region that is defined by element isolation regions 12. The 
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memory transistor 100 has a source region 14, a drain region 16 and a first dielectric layer 
20 that functions as a gate insulation layer. The source region 14 and the drain region 16 are 
composed of n + -type impurity diffusion layers formed in the silicon substrate 10 of P-type, 
in the case of an n-type transistor as an example. The first dielectric layer 20 is formed on a 
surface of the silicon substrate 10. 

A floating gate 22 and a third dielectric layer 24 are successively formed on the first 
dielectric layer 20. The third dielectric layer 24 has a structure in which the thickness 
thereof becomes thinner from its center toward its end section. As a consequence, upper 
sections of peripheral sections 220 of the floating gate 22 form sharp edges. As a result, an 
electric field concentration is apt to occur at the upper sections of the peripheral sections 220 
of the floating gate 22. 

A second dielectric layer 26 is formed in a manner to cover an upper surface of the 
third dielectric layer 24, an upper surface of the floating gate 22 and a surface of the silicon 
substrate 10. The second dielectric layer 26 functions as a so-called tunneling dielectric 
layer. 

A control gate 28 is formed on an upper surface of the second dielectric layer 26. A 
silicide layer may be formed on the control gate 28 depending on the requirements. For 
example, tungsten silicide, molybdenum silicide, titanium silicide, and cobalt silicide can be 
used as a material for the silicide layer. 

An interlayer dielectric layer 30 is formed over the silicon substrate 10. A through 
hole 32 is formed in the interlayer dielectric layer 30. A contact layer 34 is formed in the 
through hole 32. The contact layer 34 is formed from, for example, a tungsten plug. A 
wiring layer (conduction layer) 40 is formed on the interlayer dielectric layer 30. The 
wiring layer 40 is electrically connected to the drain region 16 through the contact layer 34. 
The entirety of the floating gate 22 is overlapped by the wiring layer 40 as viewed in a plan 
view. More specifically, the floating gate 22 is completely covered by the wiring layer 40. 
More specifically, an end 40a of the wiring layer 40 is located outside of an end 22a of the 
floating gate 22, as viewed in a plan view. In other words, in Fig. 3(a), the wiring layer 40 is 
disposed opposing to and above the floating gate 22, and a width W30 of the wiring layer 40 
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is formed to be greater than a width W40 of the floating gate. This provides a structure in 
which the wiring layer 40 is disposed vertically above the entire surface of the floating gate 
22. Alternatively, the end 40a of the wiring layer 40 may concur with the end 22a of the 
floating gate 22, as viewed in a plan view. When the side end section of the wiring layer 40 
protrudes outwardly from the end 22a of the floating gate 22 as viewed in a plan view, the 
width W10 of the wiring layer 40 that outwardly protrudes from the end 22a of the floating 
gate 22, is preferably be 0.5 jam or smaller, and more preferably, 0.3 |nm or smaller. The 
thickness of the wiring layer 40 is, for example, 0.3 to 1.0 |um, and more preferably, 0.3 to 
0.8|iim. 

Next, a method for operating the memory transistor 100 that comprises the 
semiconductor device in accordance with one example of the present embodiment will be 
described with reference to Fig. 3(b). 

Referring to Fig. 3(b), Vc indicates a voltage applied to the control gate 28, Vs 
indicates a voltage applied to the source region 14, Vd indicates a voltage applied to the 
drain region 16, and Vsub indicates a voltage applied to the P-type silicon substrate 10. 

For the operation of the memory transistor 100, a channel current is flown between 
the source region 14 and the drain region 16 to thereby inject a charge (hot electrons) in the 
floating gate 22 when data is written. When data is erased, a predetermined high voltage is 
applied to the control gate 28 to thereby transfer the charge stored in the floating gate 22 to 
the control gate 28 by FN conduction. Each of the operations in one example will be 
described below. 

First, the data- writing operation will be described. It is noted that an arrow Al 
indicates a flow of electrons at the time of writing. 

For the data-writing operation, the source region 14 is set at a higher potential with 
respect to the drain region 16, and a specified potential is applied to the control gate 28 
depending on the requirements. As a result, hot electrons that are generated near the drain 
region 16 are accelerated toward the floating gate 22, and injected in the floating gate 22 
through the first dielectric layer 20 whereby data is written. 
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In the data- writing operation, for example, the control gate 28 is set at a potential 
(Vc) of 2 V, the source region 14 is set at a potential (Vs) of 10.5, and the drain region 16 is 
set at a potential (Vd) of 0.8 V. Also, the silicon substrate 10 is set at a potential (Vsub) of 0 
V. 

Next, the data-erasing operation will be described. It is noted that an arrow Bl 
indicates a flow of electrons at the time of erasing. 

For the data-erasing operation, the control gate 28 is set at a potential higher than the 
potential of the source region 14 and the drain region 16. As a result, the charge stored in 
the floating gate 22 is discharged from the upper section 220 of the peripheral section of the 
floating gate 22, passing through the second dielectric layer 26, to the control gate 28 due to 
FN conduction, whereby the data is erased. 

In the data-erasing operation, for example, the control gate 28 is set at a potential 
(Vc) of 1 1.5 V, the source region 14 and the drain region 16 are set at potentials (Vs) and 
(Vd) of 0 V, respectively. The silicon substrate 10 is set at a potential (Vsub) of 0 V. 

Next, the data-reading operation will be described. It is noted that an arrow CI 
indicates a flow of electrons at the time of reading. 

For the data-reading operation, the drain region 16 is set at a higher potential than the 
source region 14, and a predetermined potential is applied to the control gate 23, whereby a 
determination is made whether or not data is written based on the presence or the absence of 
a formed channel. More specifically, when a charge is injected in the floating gate 22, the 
potential of the floating gate 22 becomes low, with the result that a channel is not formed 
and a drain current does not flow. Conversely, when the floating gate 22 is not injected with 
a charge, the floating gate 22 has a high potential, with the result that a channel is formed 
and a drain current flows. By detecting a current flowing from the drain region 16 by a 
sense amplifier, data in the memory transistor 100 can be read out. 

In the data-reading operation, for example, the control gate 28 is set at a potential 
(Vc) of 3.0 V, the source region 14 is set at a potential (Vs) of 0 V, and the drain region 16 
is set at a potential (Vd) of 1 V. The silicon substrate 10 is set at a potential (Vsub) of 0 V. 
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Effects which may be provided by a semiconductor device in accordance with the 
present embodiment are described below. 

In the case where a wiring layer 440 is formed in a manner that a floating gate 422 is 
not entirely covered by the wiring layer 440 as viewed in a plan view, as shown in Figs. 4 
and 5. In this case, the following problems may occur when layers (for example, dielectric 
layers, metal layers) above the wiring layer 440 are formed. Charges (more specifically, 
process-induced charges) are generated in a variety of steps (for example, an etching step, a 
C VD (chemical vapor deposition) step and a sputtering step) for forming layers (dielectric 
layers, metal layers) above the wiring layer 440. When the entire floating gate 422 is not 
covered by the wiring layer 440 as viewed in a plan view, there is nothing to interrupt the 
charges, and the charges are trapped in a second dielectric layer (tunneling dielectric layer) 
426 in a region where it contacts the floating gate 422. As a result, the second dielectric 
layer 426 deteriorates, and the rewriting capability number is lowered. 

However, in accordance with the present embodiment, the entire floating gate 22 is 
overlapped by the wiring layer 40 as viewed in a plan view. The wiring layer 40 can 
interrupt charges generated in a variety of steps (for example, an etching step, a C VD 
(chemical vapor deposition) step and a sputtering step) for forming layers above the wiring 
layer 40. Accordingly, the wiring layer 40 can protect the floating gate from charges. As a 
consequence, the charges are prevented from being trapped in the second dielectric layer 
(tunneling dielectric layer) 26 in a region where it contacts the floating gate 22. As a result, 
deterioration of the second dielectric layer 26 can be suppressed, and the rewritable number 
can be improved. 

The wiring layer 40 is electrically connected to the impurity diffusion layer that 
composes the drain region of the silicon substrate 10. Accordingly, charges (process- 
induced charges) are can be discharged through the wiring layer 40 to the silicon substrate 
10. Therefore, the memory transistor 100 can be more securely protected from the charges. 

The above-described embodiment has a structure in which the wiring layer 40 
overlaps the entire floating gate 22 as viewed in a plan view, in other words, the wiring layer 
40 is disposed vertically above the entire surface of the floating gate 22. However, without 



13 



15.57/6348 



being limited to this structure, a conduction layer may be provided vertically above a region 
among the upper surface of the floating gate where the control gate is not disposed above. 
In this case, it provides a structure in which the control gate or the conduction layer is 
always disposed vertically above the entire surface of the floating gate, and the entire 
floating gate is overlapped by the control gate or the conduction layer as viewed in a plan 
view. Also, the control gate also has an effect to protect the floating gate from the process- 
induced charges. As a result, the entire floating gate can be protected from process-induced 
charges. 

The semiconductor device in accordance with the present embodiment may be 
modified in a variety of ways, including the following. 

(1) In the embodiment described above, the entire floating gate 22 is overlapped by 
the conduction layer as viewed in a plan view. However, without being limited to this 
structure, a conduction layer may be formed above a region of the floating gate where a 
control gate is not formed above. When a conduction layer is formed in this manner, the 
entire floating gate 22 is overlapped by the control gate and its conduction layer as viewed 
in a plan view. 

(2) As shown in Fig. 12 and Fig. 13, the entire floating gate 22 may be covered by a 
first conduction layer 40a and a second conduction layer 40b provided at different levels. 
More specifically, the first conduction layer 40a and the second conduction layer 40b may 
overlap the entirety of the floating gate 22. In this case, charges that are generated in a 
variety of steps (for example, an etching step, a CVD step and a sputtering step) for forming 
layers above the conduction layer 40b can be prevented from being trapped in the second 
dielectric layer in a region where it contacts the floating gate. 

In another embodiment, the entirety of the floating gate may be overlapped by three 
or more conduction layers provided at different levels as viewed in a plan view. 

Also, this modified example has a structure in which the entirety of the floating gate 
22 is overlapped by a plurality of wiring layers provided at different levels as viewed in a 
plan view, in other words, the plurality of wiring layers are disposed vertically above the 
entire upper surface region of the floating gate 22. However, without being limited to this 
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structure, at least one conduction layer among the plurality of conduction layers may be 
provided vertically above at least a region of the floating gate where the control gate is not 
disposed above. 

(3) As shown in Fig. 15, in another embodiment, the width W20 of the wiring layer 
40 above a region other than a region where the floating gate 22 is formed may be narrower 
than the width W30 of the wiring layer 40 above the floating gate 22. 

(4) In the embodiment described above, the floating gate 22 is covered by a wiring 
layer that is formed on the first layer of the interlayer dielectric layers. However, the 
floating gate 22 may be covered by a wiring layer that is formed on the second or upper 
layer of the interlayer dielectric layers. 

(5) The wiring layer 40 may be connected to a diffusion layer (e.g., a diffusion layer 
in a Zener diode) having a positively low breakdown voltage. 

A method for manufacturing the semiconductor device in accordance with one 
embodiment of the present invention will be described. Figs. 6 through 1 1 schematically 
show cross sections of a semiconductor device in manufacturing steps in accordance with 
the present embodiment. In each of Figs. 6 through 9, (a) schematically shows a cross 
section taken along a line A - A of Fig. 1, and (b) schematically shows a cross section taken 
along a line B - B of Fig. 1 . 

First, as shown in Fig. 6, an element isolation region 12 is formed in a specified 
region of a silicon substrate 10. The element isolation region 12 may be formed by, for 
example, a LOCOS method or a trench element isolation method. 

Next, as shown in Fig. 7, a silicon oxide layer (first dielectric layer) 20 is formed on 
a surface of the silicon substrate 10 by a thermal oxidation method. The silicon oxide layer 
20 is not limited to a specific thickness, but may preferably have a thickness of 7 to 9 nm in 
view of the gate dielectric strength, the data retaining characteristic and the like. 

Then, a polysilicon layer (conduction layer) 22a is formed on a surface of the silicon 
oxide layer 20, and phosphorous or arsenic may be diffused in the polysilicon layer 22a to 
form an n-type polysilicon layer 22a. The method for forming the polysilicon layer 22a is 
not particularly limited, and a CVD method may be used. The polysilicon layer 22a may 
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preferably be formed to have a thickness of, for example, 50 to 300 nm, and more 
preferably, 100 to 200 nm. 

The polysilicon layer 22a may be changed to n-type by other methods. For example, 
after the polysilicon layer 22a is formed, phosphorous ions or arsenic ions are implanted 
therein. Alternatively, after the polysilicon layer 22a is formed, it is contacted with a carrier 
gas containing phosphoryl chloride (POCl 3 ). Alternatively, when the polysilicon layer 22a 
is formed, it is contacted with a carrier gas containing phosphine (PH 3 ). 

Then, a silicon nitride layer 50 is formed on a surface of the polysilicon layer 22a by, 
for example, a CVD method. Next, using a lithography technique, specified regions of the 
silicon nitride layer 50 are selectively etched and removed. A region 240H of the silicon 
nitride layer 50 that is removed is a region where a third dielectric layer 24 of the memory 
transistor 100 is formed. 

Next, as shown in Fig. 8, an exposed portion of the polysilicon layer 22a is 
selectively oxidized to form a third dielectric layer 24 on a surface of the polysilicon layer 
22a in a specified region thereof. The third dielectric layer 24 formed by the selective 
oxidation has a structure in which it has a maximum film thickness at its central area, and 
gradually becomes thinner toward end sections thereof Thereafter, the silicon nitride layer 
50 is removed. 

Then, as shown in Fig. 9, an etching is conducted using the third dielectric layer 24 
as a mask to pattern the polysilicon layer 22a, to thereby form a floating gate 22. Further, 
the silicon oxide layer 20 on the silicon substrate 10 is removed. 

Next, as shown in Fig. 10, a silicon oxide layer (second dielectric layer) 26 is 
deposited on the silicon substrate 10. The thickness of the silicon oxide layer 26 is, for 
example, 20 to 25 nm measured from the upper surface of the silicon substrate 10 as a 
reference. The silicon oxide layer 26 may be formed by any method, for example, a thermal 
oxidation method, or a CVD method. A preferred CVD method is a high-temperature CVD 
method (for example, a silane-base high-temperature CVD method). Forming the silicon 
oxide layer 26 by a high-temperature CVD method provides an advantage in that the film 
quality of the silicon oxide layer 26 becomes dense. 
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Also, the silicon oxide layer 26 may be formed from a plurality of layers stacked in 
layers. More specifically, the silicon oxide layer 26 may have a stacked layered structure 
including, for example, a first silicon oxide layer obtained by a thermal oxidation method 
and a second silicon oxide layer obtained by a CVD method. 

Next, a polysilicon layer 28a is formed on a surface of the silicon oxide layer 26. 
The polysilicon layer 28a may be formed by any method, for example, by a CVD method. 
The polysilicon layer 28a can be changed to n-type by the same method conducted for the 
polysilicon layer 22a described above. The film thickness of the polysilicon layer 28a is, for 
example, 50 to 300 nm. 

Next, a silicide layer may be formed on the polysilicon layer 28a depending on the 
requirements. The silicide layer may be formed by, for example, a sputtering method or a 
CVD method. 

Next, a resist layer having a specified pattern is formed on the control gate 28. Then, 
the polysilicon layer 28a is patterned by an etching to form the control gate 28, as shown in 
Fig. 11. 

Next, an n-type impurity is doped in the silicon substrate 10 by a known method to 
thereby form a source region 14 and a drain region 16. The steps described above form the 
memory transistor 100. 

Next, as shown in Fig. 3, an interlayer dielectric layer 30 is formed on the entire 
surface. The interlayer dielectric layer 30 may be planarized by a chemical-mechanical 
polishing method depending on the requirements. Then, through holes 32 are formed in 
specified regions of the interlayer dielectric layer 30, and the through holes 32 are filled with 
a conduction material for form contact layers 34. 

Then, a conduction layer is formed on the interlayer dielectric layer 30, and the 
conduction layer is patterned to form a wiring layer 40. Materials including, but not limited 
to, aluminum, copper, and an alloy of aluminum and copper may be used as a material of the 
wiring layer. 

The semiconductor device may in certain embodiments include other circuit regions. 
The other circuit regions may include a logical circuit, an interface circuit, a gate array 
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circuit, a memory circuit (for example, RAM and ROM), circuits such as a processor (for 
example, RISC) or a variety of IP (Intellectual Property) macros, or other digital circuits and 
analog circuits. 

More specifically, the following embedded semiconductor device is possible. Fig. 
14 schematically shows a layout of an embedded semiconductor device in which a 
semiconductor device of the present invention is implemented. In this example, the 
embedded semiconductor device 2000 includes a flash-memory 90, an SRAM memory 92, a 
RISC 94, an analogue circuit 96 and an interface circuit 98 that are mixed and mounted in an 
SOG (sea of gates) structure. The memory transistor 100 may be a component of the flash 
memory 90. 

The present invention is not limited to the embodiments described above, and many 
modifications can be made without departing the scope of the subject matter of the present 
invention. 



18 



